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By Ralph W, Stone, Jr.,and Leslio E. Schneiter

SUMMARY

Aileron and elevator stick forces and rudder pedal
Torces ror +the Bell XP-83 (project MX-511) uirplane in
spins have bheen calculated. The hinge-momenb cuarac-
teristics of 0.1lli~scale models of the control surfaces
of the XP—B) airplane in attltudes simulating spins, as
determined in the Langley L- by 6- fOOu funnel and
steady~spin data obtained on a 1/24-scule model of the
subject airplane in the 20-fcot [ree-spinning tunnel,
have been used in the calculations.

The results indicate thatv the alleron and elevator stick
forzzs may hr excrrsive unless sume suicarlo booster or more
highly balanced control surfaces are used. The pilobt will
be able to move the surfaces oniy alightly from their
normal floatbing locations. The ailerons willl tend to
float slighcly with the spin (stick riught in a right
gpin) ard the elevator will floa®t full up. The rudder
pecal forces will be within the capabllities of the
pilot.

INTRODUCTION

At the request of the Air Technical Service Couwmand,
Army Alr Forces, an investigetior has been made to deber-
mine the conirol Ffomses thav weuld be expected in spins
of thz Bell »P-35 ajrvp ane., Some Indication of the
elevator and rudder forces were obtaired duwing the
course of the spin tests of a l/bu—scale model in the
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Lengley 20=foot free-splmning tunnel (unpublished data),
These tests have been supplemented by a more extensive
serlies of hinge~moment mesasurements (reference 1) in
the Langley li- by 6~foot tunnel on 0.lli~-scale models

of all three control surfaces in attitudes simulating
those obtained in spins. In the present report the
results of these hinge-moment measurements (reference 1)
have been converted to actual full-scale control forces
expected in spins at an altltude of 20,000 feet by con-
sidering the rates of descent, attitudes, and rates of
rotation determined in the spin tests of a 1/2h-scale
model in the Langley 20-foot free~spinning tunnel,

The results are gilven for the complete range of attitudes
and rates of descent expected in spins of the XpP-83 air-
plane for different control settings and loading condi-
tions.

SYMBOLS

angle of attack of wing at midspan of aileron (the
anzle between the chord line and %the line of
the relative wind prrojected into a plane con-
taining the chord line and parallel to ihe
plane of symmetry) on iuner wing (rightwing in

ai

. Qy
a right spin), degrees {a, . -~ ﬁ;}
sbye

angle of attack of wing at midspan of ailercn (the
angle between the chord line and the line of
the relatlve wind projected into a plane
containing the chord line and parallel to the
plane of symmetry) on outer wing (left wing in
a right spin), degrees Ao.g, = E%

U angle of yaw at the tail (the acute ancle between

the direction of the relative wind at the btall

anéd the plane of symmetry), positive when

relative wind is striking left side of

Vertioql(tail surface, dﬁgrees
- -7 sin Qe L2 + R

tan l[ - L2 J - g

R radius of spin (distance Ffrom center_of pgravity
, . o Jcec COU do, oo,
of airplane to spin axis), feet

o2

L ¥4
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aileron stick force, pounds

elevator stlck force (positive when force is a

pull force), pounds (:‘180 T ;>

rudder pedal force (positive whe Cpug% Iogce is on
h
right rudder pedsgl), pounds 790 X

s GrT

"angle of attack at plane of symmetry, degrees

full-scale angular velocity about spin axis,
positive in a right spin, radians per second

projected distance from plans of symmetry of
airplane to midspan of aileron (21 ft)

full-scale rate of vertical descent, feet per
second

full=scale distance from normal center-of-gravity
location to rudder hinge line (2L..93 ft)

angle between span axls and horizontal, positive
when right wing is down, degrees

subscript denoting the aileron

subscript denoting inner wing

subscript denoting outer wing

subscript denoting the elevaﬁor

subsoriﬁt dén@ting the rudder

subscript denoting total angular movement

hinge-moment coefficient (H/qHe<)
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hinge moment, foot-pounds
dynamic pressure (%pVé)

span of the aileron, elevator, or rudder along
corresponding hinge axis, feet

root: mean square chord of the control surface
rearWard 01 the Hinge axis, feet
totaL.movement\of the control stick or rudder pedal
(values estimated from specifications listed
in reference 2)

omtrol sticl Hjlate?ally 1.5 feet
J Llongltudlnally 1.5 feet
Rudder pedal 0.54 foot

angular movement of the control surfaces relative
to the chord line of the surface to which it
is attached, degrees

Total angular movement of:

Aileron 50° ($25°) positive when trailling
. edge 1s down

Elevator 1L0° (=25° to 15°) positive when
trailing edge is down

Rudder 500 (#25°%) or L0° (¥20°) positive
' when trailing edge is to left.

(The rudder pedal forces were
calculated for both t25 and
£20° total deflection inasmuch
as it is not definite gt
present which deflections are
to be used on the airplane).

alr density, slug per cubic foot

Iy, Iy, Iy moments of inertia about X-, Y-, and Z-body

axes, respectively, slug-feet
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APPARATUS AND METHODS

Models

Drawings showing the 0.1lli=scale models of the left
wing panel and the dummy fuselage and tall surfaces used
for the hinge-moment tests in the li= by 6-foot tunnel
(see reference 1) are presented on figures 1 and 2,
respectively. A photograph of the tail surfaces mounted
in the li~ by 6-foot tumel is given in figure 3. 4
three-view drawing of the 1/2l~scale spin-tunnel model
used for the spin tests in the Langley 20-foot free-splnning
tunnel is shown on figure l. The dimensional characteristics
of the plane are glven in table I.

Method‘of Caleculstion

The hinge-moment charachteristics of the O.ll-scale
models of the control surfacez of the XP~83% airplane
used in the calculation of the stick and rudder pedal
forces are presented in reference l. The steady-spin
data obtained from spins of thée 1l/2Li-scale model of the
Xp=-83 airplane used in the calculation of the stick
forces are presented on tables IT and IITI.

Alleron stick forces.- In the calculation ci the
alleron stick iorces, it is necesgary to consider the
variation of angle of attack at the alleron duve to
rolling. Reference p gives a methold of obtaining,
for the normal flight range, the location along the
aileron span at which the angle of attack should be
calculated for use in determining the hinge-aomsnét
coefficicnt for a given aileron deflection. This
method is based on spanwise presgsure distributions in
unstalled flight., Because of the difference in pres-
sure distribution between stalled and unstalled flight,
1t was felt that this method was not arplicable to. the
present problem and therefore the angle of attack used
was arbitrarily that of the midspan of the aileron,

Elevator stick forces.~ In the calculation of the
elevator stick forces the hinge-moment coefficient for
a given elevator deflection was taken from the curve
of elevator hinge-moment coefficlent wversus angle of
attack for 0° yaw with the rudder neutral ({ig. 5).
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The use of these hinge-moment data is Justifiable
because the effects of yaw and rudder deflection on the
elevator hinge-moment characteristics are generally
small according to reference d&. The angle of atbtack at
the plane of symmetry of the model was used in the com=-
putations, Tt is appreclated that as a result of
rotation of the spinning airplane (or model) there is

a variation in angle of attack along the tail span
which may amount to a difference of approximately 5°
between the angle of attack at the plaie of symmetry
and the angle of attack at the tip of the horizontal
tail, This variation in angle of attaclr is, for all
practical purposes, linear and, hence, the average
angle of attack of the horizontal taill is approximately
equal to the angle of attack at the plane of symmetry
of the alirplane., Inasmuch as the airplane will normally
be spun with the elevator full up (8g = =25°), the stick
force necessary to move the elevator from the up stop to
neutral or [ull down was calculated using the steady-~
spin data for elevator-up spins with different alleron
deflections, model loadings, and model configurations
in order to cover the complete range of rate of descent
expected for the airplane. The highest rate of_ descent
and the lowest angle of attack recorded fcr a steady
spin during the model spin tests was for an elevator-
down spin. Data from this snin were used (or several
elevator-up spins that had rdtes of descent greater
than that readily obtalnable in tias swvnin tunnel bHut
were otherwise similar to this elevator-down spin. The
elevator hinge-moament data (pressented in reforence L)
were obtained with the stabilizer st -2,0(° incidence,
whereas the steady-spin data {tablés IT and 1IT)

were obtainad with the stabilizer reutrzl. o corrsc-
tion was made for this difference in angls of attack of
the horizontal tail.

Rudder pedal forces.= The rudder hinge-mcrent data
(reference 1) are for ths extended vertical tall suriaces
whereas the majority of the steady-s»in data used 1n thess
calculations were obtained with the original vertical taill.
Tt is felt that this is justiliable because steady-spin data
of brief %Ltests with the sxtended tall did nnt vary appreciably
when compared with that with the original tail. In the
calculation of the forces required to move the rudder to its
full deflection against the spin for the %20° m%ximum
rudder delflection, the steady-spin data for £25° maximum
rudder deflection were assumed to apply, as sufficient
steady~-spin data with the reduced cdeflections were not
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aveileble, Brief spin tests (unpublished) with the revised
rudder deflection indlcate that the steady-spin data for
spins with either of the rudder deflections are similar.

Rudde¥ hinge-moment data (reference ) were
obtained only for angles of attack of 20° and 50° as
these angles represented typical attitudes at the
extremes of the range of angles of attack possible on
the airplane., The rudder pedal forces were calculated
for spins that had angles within a few degrees of these
values. The forces necessary to fully reverse the
rudder to 25° and 20° against the spin were calculated.

In the calculation of the stick and pedal forces
it was assumed that the control movements were accomplished
rapidly and that the attitude and rate of descent of the
alrplane .did not change appreciably during the control
movement. Because of the lack of data on control-system
mass unbalanced and frlctlon,control-oystem mass and
friction forces were not considered in the calculations.

RESULTS AND DISCUSSION

The results of the aileron and elevator stick and
rudder pedal force calculations are presented on fig-
ure 5, figure 6 and table II, and figure 7 and table IIT,
The steady-spiin and control-force dasta are presented in
terms of Tull-scale values for the airplane at a test
altitude of 20,000 feet,

Aileron 3tick Forces

The results of the alleron stick-force calculations
are presented on figure 5 as a plot of rate of descent
versus alleron stick force for various alleron deflec-
tions., The results show that the allerons will tend to
float slightly with the spin (zero stick force). The
results also show that the force required to move the
stick laterally far from the floating location will be
greater than the pilot can exert. From model splin tests
1t was indicated that aileron-with settings may serliously
retard recovery for some loadings.
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Elevator Stick Forces

The results of the elevator stick~force calculations
~are presented on figure 6 and table II. Figure 6 is a
rlot of the maximum elevator stick force for each of
three elevator movements versus rate of descent.

Table II is a list of the angles of attack, rates of
descent, and the stlck forces for the three elevator
movements for each of the conditions calculated,

The curves represent the maximum elevator stick
forces expected at the various rates of descent. For
rates of descent below %530 feet per sscond, lower stick
forces were also obtained for some conditions but for
purposes of clarity on the figure these stick forces
were not plotted. It is shown on the figure that the
highest elevator stick force will be encountered whille
attenpting to fully reverse the elevator 1In steep spins
ana will be of rthe order of 250 pounds push force. In
reference & 1t is shown that the maximum push force
that a pilot can exert with one hand is 120 pounds., It
appears, therefore, that the sticlkk force necessaryto fully
reverse the elevator may be greater than the pilot can
exert.

Rudder Pedal Forces

The calculated rudder pedal forces, as well as the
steady-spin data used in the calculation of the forces,
are pnresented on figure 7 and table III. A study of
this fizure and table shows that the rudder pedal forces
are within the capabilitles of the pilot. Reference 2
states that the maximum push force that lhe pilot can
exert on a rudder pedal 1s approximately 100 gounds.
The maximum pedal force bto mcve the rudder 25% against
the spin was calculated as 265 pounds and the minimum
force was 7% pounds. The maximum pedal force to move
the rudder 20° against the spin was 119 pounds gnd the
minimum force was 52 pounds.

Control Forces in Recovery
The recommnended recovery technique Ior the XP-83 air-

plane is to hold the stick neutral laterally and full
back; rapidly reverse the rudder and follow in 1/2 turn
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by movement of the stick forward of neutral. The control
positions must be held until recovery is effected. Fig-
ures 5 and 6 indicate ‘that the forces required to hold
the stick neutral laterally and to move it forward of
neutral will probably be in excess of the pilot's
capabllities, the force required to hold the stick
neutral laterally being of the order of 100 pounds and
the force required to move the stick forward of neutral
being in excess of 120 pounds.

Comparison of Spin-Model Control-Force Results
with Results of Hinge-Moment Tests

A comparison of the control-force results obtalned
from the 1/2l-scale spin-model tests in unpublished data
for spins at moderate attitudes and rates of descent indl-
cates good agreement with the results obtalned herein
from hinge-moment data for a corresponding condition.

The elevator stick force measured in free-gspinning tests
at a rate of descent of 310 feet per second (full-scale
values) was approximately 11,0 paunds. This compares
favorably with a force of 130 pounds for the same rate

of descent as taken from figure 6. The rudder pedal force
obtained in free-spinning tests at a rate of descent of
272 feet per second (full-scale values) was approximately
1,0 pounds (full-scale values). It is shown on table IIT
that forces calculated for spins with rates of descent

of 273 foot per second vary from 135 to 142 pounds.

CONCLUSIONS

Based on the results of calculations of the alleron
and elevator stick and rudder pedal forces for the
XP-83 airplane in spins at a btest altitude of 20,000 feet,
the following conclusions are made for the airplane with
the extended vertical tail surfaces:

1. The alleron and elevator stick forces will
probably exceed the pilot's capabilities and may, there-
fore, pnrevent use of the recommended technique for
recovery.,
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2. The rudder pedal force necessary to move the
rudder to full against the spin will be within the
capabilities of the pilot for both the I25° and
t20° deflection.

Langley Memorlial Aeronsguticgl Laboratory
National Advisory Committee for Aeronautlcs
Langley Field, Va, September 7, 1945.
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TABLE I

DIMENSIONAL CHARACTERISTICS OF THE BELL XP~83 AIRPLANE

Wing span, £t . & . ¢ « v ¢ ¢ « o o o o o o o
Length over all, ft . ¢ ¢ + & ¢ o ¢ o o o o« o &
Normal weight, lb « s o . « o s o e s s
Normal center-of-gravity location,

percent MilAeCa ¢ 4 ¢ o o o o o o o o o o 2 o

Wing:
Area, 8 Ft. . . ¢ ¢« ¢« « o o ¢ o o e .
Aspect ratio . . . .

Sweepback of 1eading edge of wlng, deg
Dihedral at L5-percent chord line deg
Mean aerodynamic cherd, in. ., . .
Leadlng edge of M.A.T. aft of leadlng edge
of wing ro0t  + v v ¢ v v e s s ¢ e e o

Flaps:
Type « v ¢ « . e & . e e« * o o
Chord in nercent 01 wing chord percent
Inboard end . . « ¢ o & o« o s s o o s o «
OQutboard end . . . ¢« & ¢ ¢ & ¢ o o « « &
Ailerons:
Chord, percent of wing chord . . . « « « .« &
Area, from hinge line aft, percent wing area
Span, nercent sSemispan . « « ¢ ¢ ¢« 4+ o o . .
Horizontal tail surfaces:
Total area, sq ft .. . ¢« . + ¢« ¢ o ¢ ¢ o o &«
Span, P ¢ o o 6 4 o 6 v e v e 4 e e 4 e «
Elevator area, including balance, sq ft ., .
Distance from normal center of gravity to
elevator hinge line, ft . . . . . . « . .
Dihedral, deg . ¢« ¢« v ¢« ¢« o o + o o o o o

Original vertical taill surface:
Tobal area, Sq £t . & ¢ o ¢ o o « o « o « @
Span, along hinge axis, ft . . . . . « .« + &
Rudder area, Including balance, sq ft ., . .
Distance from normal center of gravity to
rudder hinge 1line, f£t . , . ¢« . « + « + &

55
18, 300

. 25.5

130
6.51
851
2
105

11.32

L I o 2 L]

Fowler

2l.9

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE I - Concluded
DIMENS IONAL CHARACTERISTICS - Concluded
Extended vertical tail surface:
Total area, SQ £ v v v« o « o o « o« o« o « o« o « L7.6

Span, along hinge axis, ft . . . .+ ¢« « + « , . 10.3
Rudder area, including balance, sq ft . . . . . 20.0

NATIONAL ADVISORY
COMMITTEE FOR AEZRONAUTICS

o




TABLE II

ELEVATOR STICK FORCES AND STEADY-SPIN PARAMETERS FOR DIFFERENT CONFIGURATTONS

OF THE XP-83 ATRPLANE

[configurations and steady-spin parameters taken from free-spinning test data
(unpublished); stick forces calculated from date in reference 1 and
from free-spinning test datal

Control setting Alrspeed |Angle of|Stick rorcoo Stick force| Stlck force
Configuration v attack affor o, ==25°|for &, = 0°ffor &, = 15°
Allerons |Elevator|(ft/sec)| (deg) (lo) (10) (12)
Nornal loading, clean condition alnat Up 277 46.5 0 85 137
ormas toating, Do TS Up zglé 5.7 7 80 131
h/2 agatnst| Up 2 40.5 52 3 ﬁl’;
—muedQm=-e=| Up 2 . 2
Flaps 22° down Agalinst Up zﬁ% B%; ) 71 111
Mans 58 down —mendQennns Up 2156 hl.g ;9 52 ﬁ)cl)
Flaps 5 down wecelQ=eur= Up 2 .
Landing conditlon ~eedO-ennmm Up 21 22.6 gg 5 104
Landlng gear alone ceeedommuan Up 27 46.5 9 83 133
Ix and I, Increased 20 percent Iy, clean conditiom|--=-do----- Up 27 43.5 L7 75 127
Iy and I, decreased 20 percent Iy, clean condltion |----do----- Up 284 h1.5 sk ?h 148
DO===mmnmn cmmmammemm———e- e=j--==d0-====| Up 9 7.0 L 98 139
¢.g 11 vercent forward,clsan condition mweedOmena-= Up 263 Rl;.‘) bﬁ gP 120
T aena|acacdomaa-e|  Up 230 257 L2 L 120
c.z. 15.7 percent rearward, clean condition B LT e Up 277 .2 52 0 143
Alternate loading ITI with Up 337 33. 67 6 172
¢.g. 10 percent rearward, clean condition Against Up agu 58. LS 1 126
DOw=mmemmcmmaaaa- emmecan- vonlocaedoman-" Up 280 Eﬁ.?_ 15;9 E :]L.%%
DOo=wmmcemeeecccmccscacmceae ~]|ee=edoecme= Up 305 .
¢.g. 11 percent forward, oclean condition 1/3 against Up 333 33,8 62 gz 16
Alternate loading III 1/2 with Up 372 32.7 81 103 20
DOmmsmnmnnn e -=| 1/5 witn Up 387 3&.7 90 111 225
1, and I, increased 20 percent Iy, clean condition|l/3 agalnst Up 330 .2 6 82 16
Y z 7S et L —-2ed0-v-~==] Up 255 9.6 81 1
Alternate loading II With Up 266 51.3 L9 93 140
DOmeeea—mcammrccme e ==--=| Neutral Up 25 3&23.2 5 110 153
Alternate loading IIT With Up 30 5 0 91 153
Alternate loading II 1/5 with Up 230 k.2 3 113 16L
Stabilizer leadlng edge 7° down Against Up 226 65.6 h9 18.; ig;
DO=s--=mc-cceecmmmaeoamon af-e-cdo--=-< Up 250 3.2 5
3tabilizer leading sdge 3° up wemedOm = Up 263 37.2 L5 79 126
Revised normal loading, clean condition e CREn Lt Up 26 1.6 50 91 138
Revised vertical tail, normal loading eceedoeaacs Up 218‘)* 1.0 52 175 1;1
Do===n= ceeedg----=|  Up 5.0 Z 20 1
e ey wo| @) gy) & B | B
Omwem= B cewmcccenlecnedOmcnann p .
DO==m====e= B el a===11/3 ggalnst| Up 245 33.2 ﬁl 7 11
Stabilizer leading edge 7° down Neutral Down U3 13.8 20 7 254

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III
RUDDER PEDAL FORCES AND STEADY-SPIN PARAMETERS FOR DIFFERENT CONFIGURATIONS
OF THE XP-83 AIRPLANE
[Configurations and steady-spin parameters taken from free-spinning test data

(unpublished); rudder pedal forces calculated from dete in reference 1
end from free-spinning test data]

Rudder
Control setting Steady-spin parameters peda%lgc;rco
Conflguration o 5
v a R - = 209
Allerons Elevator (“/'90) (dOs) (rad/sec) (deg) (ft) (d\gg) 61‘_ 250 61‘— 20
I 1 loading, clean condition Agalnst Down 259 L46.3] 2.61 8.2|4.48 | 21.0| 106 76
O o memm e e D P Y Up 277 L6.5] 2.01 | 12.9 7.22 23.5| 150 1
DOmm=mmm=mmmmmmmmeo e aceeeaaaoo- «|e=-=do-=-=e= Down 259 L5.9] 2.5 6.614.65 | 19.3] 121 8
DOmsm=recemcaceescseenreceeeeeam—- . 1 Up 27 L5.7] a. 8.% 7.52 19.1 185 99
L e L L L Neutral Down 3) 26.0| 3.28 0. EE 9.9] 182 79
DO===vem-ccescccossarancconaccacnas 1/2 against| Up 23 zl;.s: 2.26 1.5 L1 | 15,21 108 7
Plaps 22° down Agalnst Down 22 3.7 2.59 6. 12.07 21.6 76 5
DO=-==sescecccecacemcasmcmssccccsas eveadom—ase Up 48.3] 2.16 6.7]6.12 | 19,1] 108 0
®laps 5° down Down 219 52.9| 2.53 6.1 ﬁ.sh 21.6 7& 52
Up 226 55.0] 2.22 6.31L.60 | 20.1] 9 1
Down 358 25.6 5.35 2.0 E.9h 11.0{ 1 5
Landing condition Down sﬁg zé.g ig '9?(2) 7.38 g%g ¥ '%
Up . . 27 .
Landing gear alone D%wn S'S(g ﬁg.o %.%E Z.é ]'-j.gg iz.% Z{.ﬁé 18)6.
Iy and I, increased 20 percent Iy, clean condition DoSn 2h1 52:3 2.26 6:5 L.79 19:5 105 '55
1 . 2.20 .2/ 6.0 19, 11 1
o D%;n ;Z 1 ﬁé% 2,08 3.0 6.7% 13.2 113 110
c.g. 11 vercent forward, clean condition Down 255 48.9 2.&6 9.2[5.0 21.70 97 70
15.7 porcant resreard, slomn somsivion M | vom | 235 | G20 237 | salel | 7|8 | &
T . r earward, con A ns own . . . . .
¢+3e 35.7 ve cego-f-f--f----f-35? -------- - ---ggo ----- Up 277 hg.a 1.63 | 10.8(10.85 zo.z 137 110
¢.g. 10 percent rearward, clean condition - Down 234 EO.Z 2,22 3.9{5.31 1 17.1 112 8
Ty and I, increased 20 percent Iy, clean condltlon{l/3 against Up 255 9. 1.38 0.8 7.Z1 12,0] 1 9l
Alternaté loading II With Up 266 51,31 2.36 | -2.6{L.63 9.5 8 99
DL R T 1/5 with Up 280 5h.2] 2.00 | -2.5/5.79 5.7 161 186
Stabilizer leading edge 7° down Agginst DUp ggg 25.2 g.ﬁg ﬁ.g glég i9'% 1&5{ 63
DOmvecmrecececcacrvomoscosrenecssmas cemeO-rmre own . . .61 3. .
Stabilizer leadigg edge 3° up Nev*ral Down 3 lg.g 5.']7_& -1,9/6.80 5.2 265 119
Revised normal loading, clean condition Against Up 263 L7.2| 2. 0.516.50 { 21.7| 12 85
Revised vertlcal tall, normal loading cvmedQm-ma= Up 263 31.6 1.72 T3 2-97 17.91 1 9
DO===mmme oo m o camn e macmeae 1/3 sgalnst Up 2L 8.2 2.1 1.0 6.07 | 13.3 15
DO=wmmmcemmcarcncvessancennn—ncn——- Against Down L8.L 2.23 6.9|5.45 | 1G.6] 109 1
DOmw=mm=memmmsmmmememcecmmm e oo 2/3 against| Up 22 52.3L 2.1 L.9[5.45 | 18.31 97 71
DOw=ereemmcmmcamcenamn e amemaan m=medQeemnn Up 255 50, 2.10 3.5(6,05 | 15.3] 129 111

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS
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Figure 2 .— Details and  dimensions of O.14-scale model of
the XP-83 airplane tail unit tested in the Langley
4-by 6&-foot wind tunnel.
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Figure 3.~ Three-quarter top view of the XP-83 tail surfaces as tested
in the Langley 4- by 6-foot tunnel. Wind direction vertically down-
ward in plane of picture.
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airplane as tested in the spin tunnel. Wing incidence
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gravity position shown for normal loading.
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